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Currently there is a considerably increasing interest on understanding and regulating
the photophysical and photochemical processes of the organic molecules, biological sys-
tems, and natural or artificial photosynthesized systems since those processes are important
in energy and environmental sciences, and photovoltaic device design, etc. Meanwhile, the
remarkable progress of new techniques in femtosecond (and now attosecond) lasers allows
access to more detailed experimental information about photophysical and photochemical
processes. Theoretical description to the photophysical and photochemical processes is al-
ways concerned with large or complex systems in excited state, which is a challenge to both
the theoretical model and the computational method. Therefore, novel theoretical methods
and efficient programs are requested to be further developed.
Many important photochemical and photophysical phenomena and processes take place
in the real and complex condensed-phase environment such as a solvent, the interior of
a protein, or inert metal surface. The interaction between the system and the surround-
ing environment results in the exchanges of energies and charges between the system and
the environment, subsequently affects the molecular energies, structures and properties. It
therefore needs more efforts to understand environment effects on chemical systems.
All of my PhD studies are centering on these major goals to develop analytical energy
gradient and Hessian in TDDFT/MM framework for excited states geometry optimizations,
vibrational frequency calculations, etc. and implement them into quantum chemistry soft-
ware packages for numerical computation.
In this thesis, I present the major work during my PhD study. The formalism, im-
plementation in Q-CHEM/CHARMM interface, and applications are also presented. The
achieved results are including: firstly, the results from the red fluorescent protein chro-
mophore together with part of its nearby protein matrix calculated with the current analytical
approach in TDDFT/MM indicate that the rearrangement of the hydrogen bond interactions
between the chromophore and the protein matrix is responsible for the large Stokes shift;
secondly, TDDFT/MM model is extended to TDDFT/MMpol model for including the mu-
tual polarization effects between QM and MM regions, and the analytical energy gradient
is obtained, and its application to SBPa molecule in aqueous solution reveals its superi-
ority and the better performance within state-specific scheme than within linear-response
scheme; finally, the parallel implementation of the TDDFT/MMpol analytical energy gra-
dient calculation shows a remarkable speedup. Thus, TDDFT/MM(pol) model is utilized















such as chromophores in a protein environment, which allows to incorporate the explicit
atomic or molecular detail of surrounding molecules and is expected to be more reliable
since they can model the environment in atomistic detail, which is also proven by a series of
benchmarks and applications.
Key Words: Quantum Mechanics/Molecular Mechanics, Energy Gradient, Energy Hes-
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核坐标 & 核坐标 力常数
外电场 & 外电场 电极化率
核坐标 & 外电场 红外强度
磁场 & 磁场 磁化率
磁场 & 核自旋 化学位移
核自旋 & 核自旋 自旋耦合
核坐标 & 核坐标 & 核坐标 非谐性耦合
核坐标 & 外电场 & 外电场 拉曼强度
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